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ABS"’RACT 


The  metabolism  of  nitroguanidine  (MG)  and 
nitrosoguanid i ne  (NsG)  by  rat  hepatic  subcellular  fractions 
was  examined.  The  microsomal  fraction  and  10,000  x  g 
supernatant  from  untreated  and  phenobarbital-treated 
animals  and  the  9,008  x  g  supernatant  from  Arochlor-induced 
rats  were  used  for  this  study.  The  iua  vitro  metabolism  of 
substrate  was  measured  by  HPLC.  The  results  indicate  that 
neither  MG  nor  NsG  are  metabolized  by  the  hepatic 
subcellular  fractions. 
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The  Metabolism  of  Nitroguanidine  and  Nitrosoguanidine  by 
Rat  Hepatic  Subcellular  Fractions — Simbol i  et  al 


Nitroguanidine,  a  primary  component  of  US  Army  triple¬ 
base  propellants,  is  now  produced  in  a  Government-owned 
contractor-operated  ammunition  plant.  The  US  Army 
Biomedical  Research  and  Development  Laboratory  (USABRDL), 
as  part  of  its  mission  to  evaluate  the  environmental  and 
health  hazards  of  military-unique  pollutants  generated  by 
US  Army  munitions  manufacturing  facilities,  conducted  a 
review  of  the  nitroguanidine  data  base  and  identified 
significant  gaps  in  the  toxicity  data.  The  Toxicology 
Branch,  LAIR,  was  tasked  by  USABRDL  to  develop  a  genetic 
and  mammalian  toxicity  profile  for  nitroguanidine,  related 
intermediates/by-products  of  its  manufacture,  and  its 
environmental  degradation  products.  Nitrosoguanidine  is  a 
potential  environmental  degradation  product  of 
nitroguanid ine. 

The  development  of  a  toxicity  profile  for  NG  and  NsG 
will  aid  in  understanding  the  safety  or  hazards  of  these 
compounds.  Metabolic  fate  studies  are  an  integral  part  of 
these  toxicological  tests.  To  supplement  iri  vivo  studies 
on  the  fate  of  nitroguanidine  in  the  rat,  this  study 
examines  the  .in  vitro  metabolism  of  NG  and  NsG  by  hepatic 
subcellular  fractions.  Additional  impetus  to  examine  the 
in  vitro  metabolism  of  NsG  is  provided  by  preliminary 
reports  that  NsG  was  mutagenic  in  mouse  lymphoma  assays 
when  activated  with  Arochlor-indueed  9,000  x  g  supernatant 
(9K)  (1). 

The  objective  of  this  study  is  to  quantitate  the  extent 
of  metabolism  of  NG  and  NsG  by  three  rat  hepatic 
subcellular  fractions:  untreated  and  phenobarbital-treated 
10,000  x  g  supernatant  ( 10K) ,  Arochlor-induced  9,000  x  g 
supernatant,  and  untreated  and  phenobarbital-treated 
microsomal  pellet.  If  the  substrates  are  found  to  be 
degraded  metabol ica 1 ly ,  the  metabolites  will  be  isolated, 
identified,  and  quantified. 

MATERIALS  AND  METHODS 

Chemica 1 s 


G 1 ucose- 6 -phosphate ,  q] ucose-6-phosphate  dehydrogenase, 
NADP,  and  Fischer’s  medium  for  leukemic  cells  of  mice  were 
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purchased  from  the  Sigma  Chemical  Co.,  St.  Louis,  mo. 
Nitroguanidine  was  supplied  by  the  Sunflower  ’Tiinun  i  i  ion 
Plant,  Desoto,  KS .  The  US  Army  Biomedical  Perm -a  „.-b  and 
Development  laboratory  ( USABHDL ,  Fort  Detrio'  ,  •)  provided 

the  NsG.  The  Aroch  1  or- i  nduced  <>K  supernr  , . , »  ..-a  .•  -mnpl  '.q 

by  Microbiological  Associates,  Hetl  vs  ln  ,  "t  . 

Instrumentation 

The  HPLC  system  consisted  o*  two  T.Kr  •  :  50  pumps  coupled 
to  an  LKB  2152  HPLC  controller;  20-ul  in  4 or f  i  ons  were  made 
via  a  Waters  Wisp  710R;  the  detector  wv-  Krai  os 
Spectroflow  77  3  ♦  the  integrator  was  a  S1,  :  nadzu  C-P3A .  The 
HPLC  column  was  a  Brownlee  C-1R  Spheri  col  ur  n  (4.0  mm  x 
250  mm);  a  mobile  phase  of  10?  M<-TH/i!  o  wa s  used  at  a  flcw 
rate  of  0.7  ml  /min;  the  detector  wa  set  at  ?>•"  nm  (1  .  000 

AUFS  )  .  Tli o  c'-nt  r i  f uges  us< -d  were  a  Rorva  1  1  ,  a 

Sorva  1  1  RC-5  Su  ne  r  speed  Pe  f  r  i  go  ra  t  e  1  C'nl  r  i  I’u-je,  and  a 

Beckman  ?,5-7‘>  H  1  t  racen  t  r  i  f  ni.je  .  A  li  iii'in.a  j  ,•  i  nop 

homogenize;'  w  i  s  used  to  homogenize  the  1  i  vers  . 

An ima 1 s 

Male  albino  Sprague-Pavl  ey  rats  (350-4.75  g'  were 
obtained  from  Pant  in-Kingrn  -<n,  Fremont,  CA.  inducing 

agent,  sodium  phenobarbi ta 1  (PR),  was  adnini stored  in  ( R0 

mg/kg )  for  four  consecutive  days  prior  to  sa  orifice  on  day 
5.  The  untreated  animals  were  left  untreated  Her  inn  this 
time  period.  Animals  were  fasted  for  a  24  hoc.;  period 
prior  to  sacrifice  ( SOP-OP-STX-88 ,  "Preparation  of  Hepatic 
Subcellular  Fractions").  "Tie  rats  were  sacrificed  by 
decapitation  and  the  livers  were  rapidly  remov'd  and  rinsed 
in  cold  1.15%  KC1 .  The  livers  were  blotted  dry,  weighed, 
and  placed  in  a  volume  of  cold  0.1M  Tns  1  offer  (pH  7.4) 
equal  to  twice  the  combined  weight  of  the  livers.  "ne 
livers  were  minced  with  scissors  and  homogenized.  The 
homogenate  was  centrifuged  at  10,000  x  a  (0-4  c )  for  70 
minutes.  The  10,000  x  g  supernatant  was  the;  i;  .»nl  rifugrd 
at  100,000  x  g  for  GO  minutes  (0  -4°C).  ••>»!  l  "v:  r  a 

u  1 1  racent  r  i  fuga  t  ion ,  the  100,000  x  g  super  i<.‘  a  T  v/'i  s 
discarded  and  the  microsomal  pellet  was  res;;  >.•'>'  *  in.  "'r  is 
buffer  (3.5  ml  '  r\  of  1  iver )  .  The  protein  . !  n‘  ni  M- 
demethylase  act  i  v  i  t  y  were  dot  ermi.neb  i  AW  S"  '  •'  '  ' ''  -  p-  7 , 

"  Pete  mi  i  na  f  i  on  or  To  *  . ;  1  Drill  ei  n  an  ;  *  —  dev.-*1". 

Activity."  "'he  re  ■-rosomr  «•;  an  1  !  ;  op*  *  me  •  '  •  mi  ok  1  y 

frozen  in  liquid  n  i  ;  r  ■  am  in  1  s*  >•••'.  •  ...  •  r .  •  :  '  n  *-  e  d  . 

I  ncub.at  ions 

l  ni". ib.  1 1  i  t.  s  w. ■  r  •’  pr  •  o'  - ;  r  ■->  }  •*  s  i  o  »  5  i  v**  h ■ ' t  • '  ' 
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untreated  10K  supernatant,  PR-inducod  microsomes,  untreated 
microsomes,  and  Arochlor- i ndueed  RK  supernatant.  The  10K 
supernatant  and  microsomal  incubations  were  conducted  at  a 
protein  concentration  of  4  mg/ml.  The  2-ml  incubates 
contained  1.0  mM  NG  or  NsG  (2  mg/ml  PMRO) ,  5  mM  glucose-6- 
phosphate,  5  mM  MgCl  ;  1  unit/ml  glucoso-6-p",iosphate 
dehydrogenase,  0.1M  pH  7.4  Tris  buffer,  and  the  liver 
fractions.  Incubates  also  contained  0.5  mM  NADP  whereas 
the  control  incubates  did  not.  Additional  experiments  in 
which  the  enzyme  system  was  heat-inactivated  v/ere  conducted 
by  immersing  the  subcellular  fraction  in  a  90°C  water  bath 
for  10-15  minutes  before  adding  the  other  cofactors. 

In  order  t.o  simulate  the  activating  conditions  for 
mouse  lymphoma  studies,  the  9K  incubations  contained,  in  a 
total  volume  of  2  ml :  8  mg  of  protein,  1.0  mM  NsG,  3.375 

mg/ml  isocitrate,  0.6  mg/ml  NADP,  and  Fischer's  medium  for 
leukemic  mouse  cells.  Control  incubations  did  not  contain 
NADP.  Control  incubates  containing  only  Fischer's  medium 
and  NsG  were  also  prepared. 

All  incubations  were  performed  in  a  water  bath  shaker 
at  37°^:.  The  incubation  period  for  the  10K  and  microsomal 
fractions  was  20  minutes.  The  9k  supernatant  fractions 
were  incubated  for  2  hours.  After  the  desired  incubation 
period,  the  postincubates  were  placed  in  an  ice  bath  and 
terminated  by  the  addition  of  250  ul  of  5%  ZnRO  •  2  umol  of 
the  interna]  standard  (IS)  methylnitroguanidine  was  then 
added.  The  incubates  were  centrifuged  for  5  minutes  at 
4,000  g,  and  the  resulting  supernatant  was  filtered  via 
Millipore  Swinr.e>:  filtering  system  (0.45  u).  The  filtrate 
was  analyzed  via  IIPLC . 

RESULTS 

The  HPL.C  traces  obtained  from  the  postincubates  were 
clean  with  no  interfering  peaks.  Ni t roguanid i ne  eluted 
sharply  at  4.9  min,  NsG  eluted  at  4.5  min,  and  the  internal 
standard  eluted  at  5.8  min.  Table  1  shows  the  HPLC  peak 
area  ratios  of  NG/IS  obtained  from  incubations  of 
nitroguanidine  with  untreated  and  PB-induced  1 0K 
supernatant  and  untreated  and  PR-induced  microsomes.  No 
significant  difference  in  the  amount  of  NG  remaining  in 
incubations  with  the  NADPH-generat i ng  system  and  in  the 
corresponding  control  incubations  without  NADPH  was  seen. 
The  same  results  were  obtained  when  the  control  incubates 
were  heat-inactivated.  The  standard  deviation  values  give 
a  rough  estimate  of  the  precision  of  the  analysis;  in  the 
case  of  NG,  the  precision  is  about  5%. 


S i mbo 1  i  et  a 1 - - 4 


Table  2  shows  the  HPLC  peak  area  ratios  of  NsG/lS 
obtained  from  incubations  of  NsG  with  untreated  and  PB- 
treated  1 0K  supernatant  and  mierosomes  as  well  as  with 
commercially  obtained  Arochl or-induced  9K  supernatant.  Mo 
significant  differences  are  seen  in  the  amount  o f 
present  in  incubations  with  or  without  NADP  a  i  ie  •  again, 
the  same  results  were  obtained  when  the  enzymes  of  the 
control  incubates  were  hen  t- i  nac  t  i  va  t  e<l .  Addii  ior.nl  ly,  NsG 
was  not  degraded  over  a  longer  incubation  pr"-.ri]  (  1  hours 
at  37°  ,  results  not  shown) .  In  this  case,  the  precision 
in  the  measurement  of  NsG  appears  to  be  in  the  order  of  5- 
10%. 

DISCUSSION 

The  metabolism  of  NG  and  NsG  by  untreated  and 
phenobarbital-treated  rat  hepatic  10,000  x  g  supernatant 
and  microsomal  fractions  was  examined.  The  disappearance 
of  NG  or  NsG  from  these  incubations  was  monitored  by  HPLC; 
the  results  indicate  that  these  compounds  do  not  undergo 
NADPH-dependent  metabolism  by  rat  liver  10,000  x  g 
supernatant  or  mierosomes.  This  observation  is  consistent 
with  recent  in  vivo  data  that  indicate  NG  to  be  rtpidly 
absorbed  through  the  gut,  to  enter  the  bloodstream,  and  to 
be  quickly  excreted  unchanged  into  the  urine;  it  appears 
that  NG  and  NsG  are  not  metabolized  by  the  liver  but  are 
rapidly  passed  out  of  the  body  (2).  No  met  i  r.n  was  son 
in  incubations  conducted  with  hepatic  fractions  obtained 
from  PB-induced  animals,  thus  demonstrating  that  NG  and  NsG 
are  not  subject  to  hepatic  enzyme  biotrans form- l i on . 

Nitrosoguanidine  was  found  to  have  slight  mutagenic 
capabilities  in  mouse  lymphoma  assays  (1).  The  metabolism 
of  NsG  was  examined  under  conditions  similar  to  that  of  the 
mouse  lymphoma  assay  with  Fischer's  medium  for  leukemic 
cells  of  mice  and  9K  supernatant  to  determine  if  metabolic 
activity  could  assist  in  explaining  NsG  mutagenicity.  No 
NADPH-dependor.t  metabolism  of  NsG  was  seen  in  this  system. 
This  seems  to  indicate  that  the  mutagenicity  observed  in 
the  raoum  lymphoma  assay  is  not  due  to  a  metabolic  or 
chemical  degradation  product  of  NsG.  However,  it  should  be 
note  1  that,  due  to  the  imprecision  ( CV  is  los<:  than  )  of 
the  assay  in  quantitating  NsG.  small  amounts  (up  No  10  ug ) 
of  NsG  may  be  metabolized  and  yet  go  undetected  under  these 
conditions.  Addi t i ona 1 1 y ,  possible  metnbol i tea  of  NsG  are 
likely  to  have  1  ow  molar  extinction  coo  f  f  i<"  i  enl  s  so  they 
■  >u !  d  be  difficult  to  defect  with  an  UV  det-'efor . 
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TABLE  1 


The  NADPH-Dependent  Metabolism  of  Nitroguanidine  by 
Untreated  and  Phenobarbital-Treated  (PB)  Rat  Hepatic 

Fractions 


Peak  Area  Ratio  of  NG/IS  +  SD  (n=7) 


+NADP  -NADP 


10K  Supernatant 

Untreated 

PB 

Microsomes 

Untreated 

PB 


1.10  +  0.01 

1.07  -f-  0.04 


1.02  +  0.023 

0.99  +  0.02 


1.12  +  0.01 

1.03  +  0.06 


1.03  +  0.01b 
0.99  +  0.02 
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TARLF.  2 

TTie  MAP FH-De pendent  Metabolian  of  Nitrosoguanidine  by 
Untreated,  Phenobarbital-Treated  ( PB) ,  and  Arochloro-Induced 
*  Rat  Hepatic  Fractions 


Peak 

Area  Ratio  of  Msg/ IS  +  SP  (n=7) 

+NADP 

-MAPP 

10K  Supernatant 

Untreated 

1.00 

+  0.09 

1.00  +  0.01 

PB 

0.R6 

+  0.06 

0.R6  +  0.07 

Microsanes 

Untreated 

0.R9 

+  0 . 02 

0.99  +  0.01 

PB 

1.13 

+  0.05 

1.37  +  0.02 

9K  Supernatant 

0.9G 

+  0.01 

0.93  +  0.01 

N  =  5 
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